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(54) Turbulator configuration for cooling passages of rotor blade in a gas turbine engine 



(57) A turbulator configuration is formed on an inner 
surface (36) of one or more walls defining a cooling pas- 
sage in a rotor blade of a gas turbine engine, where the 
cooling passage has a centerline (62) extending there- 
through. The turbulator configuration includes a plurality 
of spaced turbulator pairs (56A) oriented with respect to 
the centerline so that the direction of a boundary layer 
flow of the coolant adjacent the cooling passage inner 
surface is consistent with a pair of counter-rotating flow 
circulations created by Coriolis forces on the coolant 
flowing into and through the cooling passage when the 
rotor blade is rotated, whereby heat transfer between 
the coolant and the wall is enhanced. The turbulator 
pairs are angled (a1) either toward or away from the 
centerline for leading and trailing walls of the cooling 
passage depending upon whether the coolant is flowing 
either radially outward or radially inward. 
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Description 

The present invention relates generally to internal 
cooling of rotor blades in a gas turbine engine and, in 
particular, to a turbulator configuration positioned along 
the inner surface of at least one wall defining a cooling 
passage in such a rotor blade which takes advantage of 
the Coriolis forces generated during rotation. 

Gas turbine engines, such as aircraft jet engines, 
include components (e.g., turbines, compressors, fans 
and the like) having rotor blades. A turbine rotor blade, 
for example, has a shank portion which is attached to a 
rotating turbine rotor disk and an airfoil blade portion 
which is employed to extract useful work from the hot 
gases exiting the engine's combustor. The airfoil blade 
includes a blade root which is attached to the shank and 
a blade tip which is the free end of the airfoil blade. Mod- 
ern aircraft jet engines have employed internal cooling 
of turbine rotor blades to keep the airfoil blade tempera- 
tures within certain design limits. Typically, the airfoil 
blade portion of the turbine rotor blade is cooled by air 
(normally bled from the engine's compressor) passing 
through a longitudinally extending internal passage, 
with the air entering near the airfoil blade root and exit- 
ing near the airfoil blade tip. Known turbine blade cool- 
ing passages include a cooling circuit comprising a 
plurality of unconnected longitudinally-oriented pas- 
sages, where each passage receives cooling air from 
near the airfoil blade root and channels the air longitudi- 
nally toward the airfoil blade tip, as well as a serpentine 
cooling circuit comprising a plurality of longitudinally-ori- 
ented passages which are series-connected to produce 
serpentine flow. For either cooling circuit, some air exits 
the airfoil blade through film cooling holes near the air- 
foil blade's leading edge and some air exits the airfoil 
blade through trailing edge cooling holes. 

Cooling passages typically have circular, rectangu- 
lar, square or oblong transverse cross-sectional shapes. 
It is known that for a rotating airfoil blade having a ser- 
pentine cooling circuit including longitudinally-oriented 
cooling passages of square cross-sectional shape, 
Coriolis (rotation) forces will increase the heat transfer 
coefficient along certain walls of the passage and 
decrease the heat transfer coefficient along other walls 
of the passage as compared with a non-rotating airfoil. 
Basically, the Coriolis force is proportional to the vector 
cross product of the velocity vector of the coolant flow- 
ing through the passage and the angular velocity vector 
of the rotating airfoil blade. The Coriolis force com- 
presses the coolant against one side of the square pas- 
sage increasing the heat transfer at that side while 
decreasing the heat transfer at the opposite side. This 
creates a uneven transverse cross section blade tem- 
perature profile which creates hot areas that must be 
compensated for by, for example, increasing the cooling 
flow. Increasing the cooling flow could be accomplished 
by bleeding off more engine compressor air, but this 
would reduce the engine's efficiency by reducing the 
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number of miles flown for each gallon off fuel con- 
sumed. 

Turbulence promoters or turbulators are devices 
commonly used in the cooling flow passages of rotor 

5 blades to break the thermal boundary layer and gener- 
ate turbulence near the cooling passage wall. In this 
way, heat transfer between the coolant and the wall is 
enhanced. It is understood that the height and shape of 
the turbulators (heretofore rectangular or square ribs 

w cast on the cooling passage wall identical in cross-sec- 
tion and spacing) are critical to the effectiveness of the 
turbulence generation. In particular, the turbulator 
height must be greater than the thickness of the thermal 
boundary layer in order to trip it. 

15 Accordingly, it is desired that a turbulator configura- 
tion for integration with cooling passages in rotor blades 
of a gas turbine engine be developed which comple- 
ments the effects of Coriolis forces on the cooling pas- 
sage walls. 

20 In accordance with one aspect of the present inven- 
tion, a turbulator configuration is formed on an inner sur- 
face of one or more wails defining a cooling passage in 
a rotor blade of a gas turbine engine, said cooling pas- 
sage having a centerline extending therethrough. The 

25 turbulator configuration includes a plurality of spaced 
turbulator pairs oriented with respect to the centerline 
so that the direction of a boundary layer flow of the cool- 
ant adjacent the cooling passage inner surface is con- 
sistent with a pair of counter-rotating flow circulations 

30 created by Coriolis forces on the coolant flowing into 
and through the cooling passage when the rotor blade is 
rotated, whereby heat transfer between the coolant and 
the wall is enhanced. The turbulator pairs are angled 
either toward or away from the centerline for leading and 

35 trailing walls of the cooling passage depending upon 
whether the coolant is flowing either radially outward or 
radially inward. 

In accordance with a second aspect of the present 
invention, a rotor blade for a gas turbine engine is dis- 

40 closed as including a shank portion and an airfoil blade 
portion. The airfoil blade portion ether includes a pres- 
sure side, a suction side, where the pressure and suc- 
tion sides are joined together to form an airfoil shape, a 
blade root attached to the shank portion, a blade tip, 

45 and a longitudinal axis extending outward toward the 
blade tip and inward toward the blade root. A cooling 
passage is also formed in the airfoil blade portion which 
extends generally longitudinally and is defined by at 
least a leading wall and a trailing wall. The leading and 

so trailing walls of such cooling passage have integrated 
with an inner surface thereof a plurality of spaced turbu- 
lator pairs angled with respect to a centerline there- 
through so that boundary layer flow of coolant adjacent 
the inner surfaces is directed in the same direction as 

55 counter-rotating circulations of coolant flow created by 
Coriolis forces during rotation of the rotor blade. The tur- 
bulator pairs are angled either toward or away from the 
centerline on the leading and trailing walls depending 
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on whether the flow of coolannsradially outward or radi- 
ally inward. 

While the specification concludes with claims par- 
ticularly pointing out and distinctly claiming the present 
invention, it is believed the same will be better under- 5 
stood from the following description taken in conjunction 
with the accompanying drawing in which: 

Fig. 1 is a perspective view of a rotor blade for a gas 
turbine engine; 10 
Fig. 2 is a longitudinal cross-sectional view of the 
rotor blade depicted in Fig. 1 ; 
Fig. 3 is an enlarged cross-sectional view of the air- 
foil blade portion of the rotor blade depicted in Fig. 
1 taken along line 3-3 of Fig. 2; is 
Fig. 4 is a partial cross-sectional view of the airfoil 
blade depicted in Fig. 3, where the direction of the 
air flow through the cooling passage is radially out- 
ward; 

Fig. 5 is a partial sectional view of the cooling pas- 20 
sage depicted in Fig. 4 taken through line 5-5 of Fig. 
3. where a turbulator configuration in accordance 
with the present invention is shown on the leading 
wall of the airfoil blade; 

Fig. 6 is a partial sectional view of the cooling pas- 25 
sage depicted in Fig. 4 taken through line 6-6 of Fig. 
3, where a turbulator configuration in accordance 
with the present invention is shown on the trailing 
wall of the airfoil blade; 

Fig. 7 is a partial cross-sectional view of the airfoil 30 
blade depicted in Fig. 3, where the direction of the 
air flow through the cooling passage is radially 
inward; 

Fig. 8 is a partial sectional view of the cooling pas- 
sage depicted in Fig. 7 taken through line 8-8 of Fig. 35 
3, where a turbulator configuration in accordance 
with the present invention is shown on the leading 
wall of the airfoil blade; and 
Fig. 9 is a partial sectional view of the cooling pas- 
sage depicted in Fig. 7 taken through line 9-9 of Fig. 40 
3, where a turbulator configuration in accordance 
with the present invention is shown on the trailing 
wall of the airfoil blade. 

Referring now to the drawing in detail, wherein 45 
identical numerals indicate the same elements through- 
out the figures, Fig. 1 depicts a gas turbine engine rotor 
blade 10 (e.g., an aircraft jet engine turbine rotor blade). 
Rotor blade 10 includes a shank 12 and an airfoil blade 
14. Shank 12 further includes a blade platform 16, so 
which helps to radially contain the turbine air flow, and a 
dovetail 18. which attaches to a turbine rotor disk (not 
shown). Airfoil blade 14 has a convex-shaped suction 
side 20 and a concave-shaped pressure side 22 which 
are joined together to define an airfoil shape. A longitu- ss 
dinal axis 24 extends radially outward toward a blade tip 
26 and radially inward toward a blade root 28 which is 
attached to shank 12. Rotor blade 10 rotates in a direc- 



tion such that airfoil blade pressure side 22 follows airfoil 
blade suction side 20. Thus, as shown in Figs. 1, 3, 4, 
and 7, the direction of rotation for rotor blade 10 is 
depicted by an arrow 25. 

As seen in Figs. 2 and 3, airfoil blade 14 includes a 
plurality of generally longitudinally extending internal 
cooling passages 30 and 32 which direct the flow of 
cooling air or coolant toward and away from blade tip 26 
(or radially outward and radially inward), respectively. 
Cooling passages 30 and 32 are preferably disposed in 
a row with adjacent passages interconnected to define 
at least a portion of a serpentine coolant circuit 34. It will 
be seen in Fig. 3 that each of passages 30 and 32 has 
a unique cross-section, ranging from substantially rec- 
tangular to nearly trapezoidal, although the cross-sec- 
tion of such cooling passages 30 and 32 may have any 
shape. In the present airfoil blade shown and described, 
however, cooling passages 30 and 32 are substantially 
quadrilateral in shape with two pairs of opposing walls. 
A first pair of opposing walls 36 and 38 (which are also 
known as the leading and trailing walls) conform sub- 
stantially in direction to suction side 20 and pressure 
side 22, respectively, of airfoil blade 14. A second pair of 
opposite walls 40 and 42 join leading wall 36 and trailing 
wall 38 so as to form each passage 30 and 32. It will be 
recognized that cooling passages 30 and 32 of serpen- 
tine coolant circuit 34 receive coolant from an inlet 44 in 
shank 12. After coursing through cooling passages 30 
and 32, the coolant exits airfoil blade 14 through holes 
46 in blade tip 26. 

As seen in Figs. 2-4, the flow of coolant through 
cooling passages 30 is in a radially outward direction 
with respect to longitudinal axis 24, whereas the flow of 
coolant through cooling passages 32 is in a radially 
inward direction. During operation of the gas turbine 
engine containing rotor blade 10, the air flowing inside 
cooling passages 30 and 32 is subjected to a rotational 
force. The interaction of the radial flow through cooling 
passages 30 and 32 and this rotation results in what is 
known as a Coriolis force which creates internal flow cir- 
culation in passages 30 and 32. As seen in Figs. 4 and 
7, the direction of the flow circulation is dependent upon 
the direction of the radial flow (i.e., whether it is radially 
outward or radially inward with respect to longitudinal 
axis 24). Fig. 4 depicts schematically a pair of counter- 
rotating circulations 48 and 50 created by the Coriolis 
force in passage 30 which moves the fluid from leading 
wall 36 to trailing wall 38. In contrast, Fig. 7 depicts 
schematically a pair of counter-rotating circulations 52 
and 54 created by the Coriolis force in passage 32 
which moves the fluid from trailing wall 38 to leading 
wall 36. 

The use of turbulators to interrupt a boundary layer 
flow along the walls of a cooling passage, as well as 
generate turbulence inside the boundary layer to pro- 
mote heat transfer between the fluid and the walls, is 
well known. It is also known that angled turbulators are 
able to direct the boundary layer flow along the orienta- 
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tion thereof, as exemplified by U^TPatent 4,514,144 to 
Lee (which is also owned by the assignee of the present 
invention and is hereby incorporated by reference). As 
seen therein, however, all the turbulators on each wall 
are angled in the same direction with respect to a cen- 
terline through the cooling passage since the intention 
was to prevent dust from accumulating against the 
upstream side of such turbulators. 

In accordance with the present invention, a new ta- 
bulator configuration is provided in which a plurality of 
longitudinally spaced turbulator pairs 56 and 58 are 
integrated with inner surfaces 31 and 33 of leading and 
trailing walls 36 and 38, respectively, of cooling pas- 
sages 30 and 32. More specifically, Fig. 5 depicts turbu- 
lator pairs 56A positioned on inner surface 31 A of 
leading wall 36 and Fig. 6 depicts turbulator pairs 58A 
positioned on inner surface 33A of trailing wall 58 for 
cooling passage 30. It will be noted that the radial flow 
of air 60 through cooling passage 30 is toward blade tip 
26. Because the Coriolis force in cooling passage 30 
creates circulations 48 and 50 therein from leading wall 
36 to trailing wall 38, turbulator pairs 56A on inner sur- 
face 31 A of leading wall 36 are oriented so as to be 
angled toward a centerline 62 therethrough (angle a-i in 
Fig. 5 preferably being in the range of approximately 30- 
60° with respect to centerline 62) and turbulator pairs 
58 A on inner surface 33 A of trailing wall 38 are oriented 
so as to be angled away from centerline 62 (angle p-j in 
Fig. 6 preferably being in the range of approximately 
120-150° with respect to centerline 62). In this way. ther- 
mal boundary layer flow (depicted by arrows 37A and 
39A, respectively) along leading and trailing walls 36 
and 38 is directed in a manner consistent with circula- 
tions 48 and 50. Therefore, the Coriolis force enhances 
the fluid motion inside such boundary layer flows and 
consequently the heat transfer between the fluid and 
wails 36 and 38. 

Similarly, Fig. 8 depicts turbulator pairs 56B posi- 
tioned on inner surface 31 B of leading wall 36 and Fig. 
9 depicts turbulator pairs 58B positioned on inner sur- 
face 33B of trailing wall 38 for cooling passage 32. It will 
be noted that the radial flow of air 64 through cooling 
passage 32 is away from blade tip 26. Because the 
Coriolis force in cooling passage 32 creates circulations 
52 and 54 therein from trailing wall 38 to leading wall 36, 
turbulator pairs 56B on inner surface 31 B of leading wall 
36 are oriented so as to be angled away from centerline 
66 (angle a 2 in Fig. 8 preferably being in the range of 
approximately 120-150° with respect to centerline 66) 
and turbulator pairs 58B on inner surface 33B of trailing 
wall 38 are oriented so as to be angled toward center- 
line 66 (angle p 2 in Fig. 9 preferably being in the range 
of approximately 30-60° with respect to centerline 66). 
As in the case of cooling passage 30 above, thermal 
boundary layer flow (depicted by arrows 37B and 39B, 
respectively) along leading and trailing walls 36 and 38 
is directed in a manner consistent with circulations 52 
and 54. Therefore, the Coriolis force also enhances the 
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fluid motion inside the boundary layer flow of cooling 
passage 32 and heat transfer between the fluid and 
walls 36 and 38. 

It will be seen from Figs. 5, 6, 8, and 9 that turbula- 

5 tor pairs 56 and 58 are preferably made up of ribs posi- 
tioned substantially symmetrically on each side of 
centerlines 62 and 66, respectively, with a flow path pro- 
vided therebetween. Although not shown, such ribs 
need not be solid in all applications and each turbulator 

w may be comprised of spaced rib segments, cylinders, or 
the like. Thus, the particular design or shape of the tur- 
bulators provided for turbulator pairs 56 and 58 is not 
integral to the present invention and should not other- 
wise be considered limiting. 

75 Although not a part of the present invention, rotor 
blade 10 also includes trailing edge and leading edge 
cooling circuits with coolant entering a trailing edge con- 
duit 68 and exiting through trailing edge openings 70 
and with coolant entering a leading edge conduit 72 and 

20 exiting through leading edge film cooling hole openings 
74. 

Claims 

25 1 . A turbulator configuration formed on an inner sur- 
face of one or more wails defining a cooling pas- 
sage in a rotor blade of a gas turbine engine, said 
cooling passage having a centerline extending 
therethrough, wherein Coriolis forces on coolant 

30 flowing into and through said cooling passage 
crates a pair of counter-rotating flow circulations 
with respect to said centerline during rotation of 
said rotor blade, said turbulator configuration com- 
prising a plurality of spaced turbulator pairs ori- 

35 ented with respect to said centerline so that the 
direction of a boundary layer flow of said coolant 
adjacent said cooling passage inner surface is con- 
sistent with said counter-rotating flow circulations, 
whereby heat transfer between said coolant and 

40 said wall is enhanced. 

2. The turbulator configuration of claim 1, wherein 
said turbulators of each turbulator pair are substan- 
tially symmetrically arranged with respect to said 

45 centerline. 

3. The turbulator configuration of claim 2, wherein 
said turbulator pairs are angled toward said center- 
line. 

50 

4. The turbulator configuration of claim 3, said cooling 
passage being substantially quadrilateral in cross- 
section and including a leading wall and a trailing 
wall. 

55 

5. The turbulator configuration of claim 4, wherein 
said wall is said leading wall of said rotor blade 
when said coolant flows radially outward through 
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6. The turbulator configuration of claim 4, wherein 
said wall is said trailing wall of said rotor blade when 
said coolant flows radially inward through said cool- s 
ing passage. 

7. The turbulator configuration of claim 3, wherein the 
angle of each turbulator with respect to said center- 
line is in a range of approximately 30-60°. 10 

8. The turbulator configuration of claim 2, wherein 
said turbulator pairs are angled away from said cen- 
terline. 



9. The turbulator configuration of claim 8, said cooling 
passage being substantially quadrilateral in cross- 
section and including a leading wall and a trailing 
wall. 

10. A rotor blade for a gas turbine engine, comprising: 



15 



20 



(a) a shank portion; and 

(b) an airfoil blade portion, said airfoil blade 
portion further comprising: 25 

(1) a pressure side; 

(2) a suction side, said pressure and suc- 
tion sides being joined together to form an 
airfoil shape; 30 

(3) a blade root attached to said shank por- 
tion; 

(4) a blade tip; 

(5) a longitudinal axis extending outward 
toward said blade tip and inward toward 35 
said blade root; and 

(6) a cooling passage extending generally 
longitudinally and being defined by at least 
a leading wall and a trailing wall, said lead- 
ing and trailing walls having integrated with 40 
an inner surface thereof a plurality of 
spaced turbulator pairs angled with 
respect to a centerline through said cool- 
ing passage so that boundary layer flow of 
coolant adjacent said inner surfaces is 45 
directed in the same direction as counter- 
rotating circulations of coolant flow created 

by Coriolis forces during rotation of said 
rotor blade. 

50 
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